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Most manufacturing processes create waste by-products, and games are no exception. This article
demonstrates how such by-products can be successfully ‘upcycled’ and reused as game components
in their own right, through several practical examples. We distinguish between strong and weak
upcycling, and show that both approaches have ecological benefits in reducing waste material and
economic benefits in reducing manufacturing costs.
1 Introduction
U PCYCLING, also known as creative reuse, isthe practice of recycling waste by-products
into new high-quality goods, such that ‘old prod-
ucts are given more value, not less’ [1]. This
practice of minimising and effectively utilising
wastage is not only an environmental matter, but
can have economic benefits [2]. Large companies
that manufacture in volume can save significant
amounts of money, and it can mean the difference
between success or failure for small companies
working on tight margins; ‘eco’ here stands for
both ‘ecological’ and ‘economical’.
This is very true of game manufacturing, in
which the production of each component will typ-
ically produce superfluous by-products. How-
ever, there is constant pressure on game pub-
lishers to release new designs with novel com-
ponents, which encourages the opposite of reusing
old products. So how can game designers imple-
ment upcycling to benefit from it?
We identify three levels of upcycling:
1. Strong: By-products are used exclusively
to make new products.
2. Weak: By-products are used in new prod-
ucts along with other parts.
3. False: By-products are used in new prod-
ucts along with other parts that create fur-
ther by-products.
Strong upcycling, which effectively produces
zero wastage, is obviously the ideal form to be
pursued. Weak upcycling is still desirable but
dilutes the benefits, while false upcycling offers
few real benefits.
This paper presents case studies of game de-
signs that demonstrate the principles of strong
and weak upcycling. All examples are published
by Nestorgames, an independent board game
company owned and run by the first author.
2 Strong Upcycling
The first example shows how the manufacture
of one particular game created by-products that
led inadvertently – but almost inevitably – to the
design of another game.
2.1 Stax
Stax, shown in Figure 1, is a tile placement game
invented by the second author in 2010.1
Figure 1. The game of Stax.
Each tile is a hexagon with a circular hole cut
out and embellished with 0 to 6 notches or point-
ers along some of the six hexagonal axes. Each
player has 13 such tiles of their colour, represent-
ing all unique combinations of 0 to 6 notches.
The rules of Stax are not important here;
suffice it to say that for the game to work: 1)
the notches on each tile should be visible from
both sides, and 2) players should be able to see
‘through’ tiles stacked on others to check the
notches of the tiles underneath.
Laser cutting the notched holes out of the tiles
was the obvious solution. This produces attrac-
tive pieces that fit the game’s specification, at a
1http://www.nestorgames.com/#stax detail
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fraction of the cost that laser-engraving both sides
of each tile would have incurred.
2.2 Manufacture
Figure 2. Template for laser cutting Stax pieces.
Stax sets are manufactured by laser cutting
pairs of acrylic sheets in the appropriate colour,
glued together to achieve the appropriate thick-
ness. Figure 2 shows the path template provided
to the laser cutter.
The hexagonal tile shape allows an efficient
packing that minimises wastage, and the unused
outer areas are reused for cutting components
for other games. However, an unavoidable by-
product produced by the cutting process is the
collection of notched holes, as shown in Figure 3
2.3 By-Product: Xats Pieces
As Stax began selling, the number of notched hole
off-cuts began to pile up; one for every Stax tile
produced. However, the off-cut pieces are them-
selves attractive, with the inverse hole notches
forming organic-looking spiky arms. They im-
mediately say ‘game component’ to any game
designer who sees or plays with them.
So how could this waste by-product be reused
in a game rather than simply thrown out? We
started by giving the set of pieces a name – ‘Xats’,
the inverse of ‘Stax’ – and each individual piece
an identifying label, as shown in Figure 4.
Figure 3. Off-cuts produced by the manufacture of Stax.
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Figure 4. The Xats pieces with labels.
An obvious use of the pieces is as a packing
puzzle. For example, the pieces can be packed to
completely fill the shape shown in Figure 5 if the
a piece is removed and the b piece is duplicated
to give the required number of spiked arms.
Figure 5. A packing with Xats-like pieces.
However, this exact puzzle has prior art. It
was released pre-1960 as Kwazy Quilt2 and later
as Beat the Computer No. 0.3 This ruled out
Xats as a packing puzzle, which would have been
less desirable anyway, as its production would
have created even further wastage in cutting the
puzzle’s frame.
Another possible use of the Xats pieces was
to simply reuse them to play Stax; they are after
all the right shape, number and colour. However,
this soon proved impractical as the smaller pieces
did not stack well, and were difficult to place so
that they lined up in a regular grid, without the
hexagonal outer frames of the Stax pieces.
Instead, the first author sought to devise a
game using the Xats pieces that satisfied the fol-
lowing constraints:
1. All of the off-cut pieces should be used.
2. No other material should be used, not even
a board (pure recycling).4
3. The game should be reminiscent of its par-
ent game Stax.
4. It should be a brain burner that shows the
potential of using spare parts.
5. It should be innovative; we want to recycle
parts, not ideas.
6. It should allow the in-game recycling of
pieces, e.g. through capture and refund, in
keeping with its heritage.5
The following section describes the first au-
thor’s design process that led to the game of Xats.
2.4 Pieces In Search of a Game
The first thing to note is that the Xats tiles, with
their spiky arms, do not tessellate neatly. Pieces
would be difficult to line up and rotate accurately
in relation to each other on an unconstrained play-
ing surface, making it difficult for players to see
movement or attack lines. The game should there-
fore involve independent piece placement; fur-
ther, it should involve independent piece stacking
to reflect its parent game Stax.
The spiked arms on the pieces are their most
prominent features, so should be incorporated as
an important feature of the game. This is done in
two ways:
1. Number of spikes (cardinality).
2. Distribution of spikes.
An obvious mechanism suggested itself at
this point: to stack pieces on existing pieces, such
that all arms match the distribution of arms of
the piece(s) underneath, i.e. no arm can overhand
empty space.
a b c d e f g h i j k l m
a •
b • •
c • • •
d • • •
e • • •
f • • • •
g • • • • •
h • • • • • •
i • • • • • • • •
j • • • • • • •
k • • • • • • • • •
l • • • • • • • • • • • •
m • • • • • • • • • • • • •
Table 1. Table of ‘can be placed on’ relations.
2http://www.jaapsch.net/puzzles/kwazy.htm
3http://www.huybers.net/poly/btc.html
4Apart from a container to store the set. Nestorgames uses organic cotton bags from a ‘fair trade’ source.
5Although such recycling rules must, of course, avoid infinite cycles in play.
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Table 1 indicates which pieces can be placed
on which others, according to this mechanism.
The grey dots along the diagonal represent pieces
placed on their own shape (which were excluded
from the rules to move games towards a conclu-
sion). This information is presented in a different
form in the coverage graph shown in Figure 6, in
which the directed lines indicate which pieces
can be placed on which others. It is up to the
reader which format is more visually meaningful;
a study in itself!
Figure 6. Coverage relationships between pieces.
While these analyses tell us something about
the pieces, the dependency graph shown in Fig-
ure 7 reveals the surprisingly ordered logical
structure inherent in the arm distributions. It was
obvious that some pieces were more important
and some less important than others, in terms of
the number of pieces that they can stack on and
that can stack on them, which boded well for their
strategic potential as a game set.
2.5 Rules of Xats
A simple set of rules was initially devised:
Each player starts with a full set of Xats pieces
in their colour in hand.
Players take turns placing a tile in hand onto
the playing area, to either:
1. Stack on an existing tile with a greater
cardinality, such that all spikes are
matched.
2. Start a new stack if no stacking move can
be made.
Figure 7. Dependency graph of piece coverage.
The game’s winning condition, based on car-
dinality, was always as follows:
A player wins if, at the end of their turn, the
number of their tiles in hand equals the total
cardinality of their topmost pieces in play.
For example, Figure 8 shows a game in action
between White and Blue. Blue, whose turn it is
to play, can create a new stack as they are not
able to play on any existing stacks. The indicated
move will win, as Blue will then have five pieces
in hand and the total cardinality of topmost blue
pieces in play will equal 1 + 4 = 5. Blue also has
one other winning move.
Figure 8. A winning move for Blue.
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This initial rule set played well and satisfied
most of the desired design constraints. It used
all of the Xats pieces and no other material, was
reminiscent of the stacking game Stax, was some-
thing of a brain burner, and was novel as far as
we could determine. However, it did not allow
the in-game recycling of pieces. To this end, the
following recycling rule was added:
Each turn, the mover may either play a tile (as
described above) or destroy a stack by:
1. Selecting a piece in hand whose cardinal-
ity equals the height of a stack.
2. Discarding that piece from the game for-
ever.
3. Returning the pieces in the stack to the
hands of their owners.
This combination of rules worked well, and
is now the official Xats rule set.6
2.6 Discussion
The recycling of destroyed stacks back to their
owners resonates nicely with the eco-friendly
ethos of the game, but also adds to the game by
extending its duration and depth, and allowing
powerful defensive moves that effectively reset
the spike count.
The fact that a piece is ‘burnt’ with each de-
struction avoids infinite cycles in play. This also
adds a nice element of balance to the game, as
higher towers require pieces of greater cardinality
to be burnt, yet those are the most valuable pieces
as they allow free moves onto the table (rather
than forced stacking moves) more often. An an-
notated sample game is provided on the journal’s
web site, to give a feel for Xats and demonstrate
some of the relevant tactics and strategies.7
Xats succeeds in its design goals and demon-
strates in-game recycling of its fully recycled
pieces. The piece shapes themselves encode
certain properties (colour, cardinality, distribu-
tion) that allow simpler rules, in a classic case
of poka-yoke or embedding the rules in the equip-
ment [14].
In terms of efficiency, reusing the Stax off-cuts
as Xats pieces saves the approximately 20% of ma-
terial that would otherwise be wasted. However,
the true saving is in the reduced cutting time,
which is where the real expense lies, as we now
get two game sets cut for the price of one. A three-
player version of Xats is provided, so that pieces
in all three of the Stax colours – white, blue and
red – can be reused.
Recall that upcycling occurs when ‘old prod-
ucts are given more value, not less’ [1], which is
certainly the case here. The Stax off-cuts are not
recycled into plastic waste to be melted or ground
down into base material for new products, but
are instead upcycled, whole and complete, into
an interesting new game. It could even be that
Xats is a better game than Stax, although this is
hard to gauge using sales figures, as the number
of Xats sets available depends – by its very nature
– on the number of Stax sets produced.
3 Weak Upcycling
Our second example demonstrates what we
call weak upcycling, i.e. the creative reuse of
waste by-products in conjunction with other non-
recycled parts to create a new product.
3.1 Nestorings
Figure 9 shows the Shibumi board, another
game designed by the second author and pub-
lished by the first author in 2011.8 These boards
are again manufactured by laser-cutting acrylic
sheets, which creates two by-products per 22mm
hole: a 17mm internal disk which is used as a
game piece in other games (another example of
recycling off-cuts), and a 22mm surrounding ring
with no immediate use. We internally called these
surplus rings nestorings for convenience.
Figure 9. Shibumi board, disk and surplus ring.
16 such surplus rings are created for each 4×4
Shibumi board manufactured, and, even worse,
36 are created for each 6×6 Margo board of simi-
lar design. The rings soon started to pile up and
represent a significant amount of wastage.
6http://www.nestorgames.com/#xats detail
7http://www.gapdjournal.com/issues/issue-2-1/xats-game.pdf
8http://www.nestorgames.com/#shibumisamurai detail
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3.2 Initial Attempts
Surplus rings were first used in the game
Crosshairs,9 to support elevated pieces represent-
ing fighter planes in action, as shown in Figure 10.
Figure 10. Rings support planes in Crosshairs.
They were also used for the game Line or
Colour,10 shown in Figure 11, which features a
Yinsh-like mechanism in which the rings influ-
ence smaller playing pieces that they surround.
Figure 11. Line or Colour uses nestorings.
However, neither of these uses solved the sur-
plus ring problem. Crosshairs only used a small
number of rings compared to the amount that
was piling up, and Line or Colour required an
equal number of rings to be cut in another colour,
reducing its benefit as a wastage solution.
Another approach tried was to use the rings
to create a configurable playing board for the
game Quantum Leap,11 shown in Figure 12. This
did use a lot of surplus rings per set, but being a
new and relatively expensive game, it saw little
uptake. Nestorgames therefore looked to other
game designers for a more permanent solution to
the problem, by running a game design contest.
Figure 12. Quantum Leap board made of rings.
3.3 Rings Game Design Contest
The Nestorgames Rings Game Design Contest
was run on the BoardGameGeek web site in 2014
and open to all game designers.12 The contest
received 16 entries, three of which were selected
for publication: Po-Go, Particle Accelerator and
Go with the Floe, shown in Figures 13 – 15.
Figure 13. Po-Go.
Po-Go and Particle Accelerator were the most
successful in terms of recycling, as they reused
a reasonable number of rings and did not intro-
duce new parts beyond custom boards (which
do not produce wastage) and stock game compo-
nents. Go with the Floe used a greater number of
surplus rings per set, but required the additional
manufacture of custom animal-shaped pieces.
9http://www.nestorgames.com/#crosshairs detail
10http://www.nestorgames.com/#lineorcolour detail
11http://www.nestorgames.com/#quantumleap detail
12https://boardgamegeek.com/thread/1221878/nestorgames-rings-game-design-contest
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Figure 14. Particle Accelerator.
Figure 15. Go with the Floe.
This combined approach of several weak up-
cycling solutions proved effective in this case.
Not only is the Nestorgames surplus ring prob-
lem now under control, but we also have several
new games that might not have existed if this
problem had never occurred.
4 Conclusion
The paper describes Nestorgames’ eco-friendly
approach to game design, in both an ecological
and an economic sense. We demonstrate that
strong upcycling of surplus by-products is both
achievable and beneficial in the context of board
games, and that weak upcycling, though less ef-
ficient, can still be worthwhile if multiple partial
solutions are found.
We suggest the following basic steps for game
designers wishing to repurpose by-products of
their own manufacturing processes:
1. Identify by-products of interest.
2. Focus on distinguishing features.
3. Map these to game concepts.
4. Search for workable rules/games.
Finding workable solutions to such waste
management problems – i.e. turning garbage into
games – is not only an interesting puzzle in itself,
but can be most satisfying in the results that it
produces. Designing under such rigid constraints
can have the counterintuitive effect of actually
stimulating greater creativity in the designer and
lead to pleasant surprises [4]. While we may not
be saving the planet by reusing some bits of plas-
tic, we find upcycling a good philosophy that
should be followed more often.
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